RO

SeH

BIERETZOFRRE EMHIBRBENDIGA
ek

Development of Extreme Value Statistics and Its Application to Materials
Toshio Shibata

Abstract: Historical background for the development of Extreme Value Statistics and its application to materials and

corrosion has been reviewed. It was emphasized that the extreme value theory could rationally explain the effect

of surface area on the maximum or mean pit depth which had been observed by Scott and Ewing. A standardized

procedure for selecting suitable sample area and sample number was discussed. Recent success for analyzing

the maximum size of inclusions in steels will stimulate to increase further application of the extreme value analysis

to materials.

Key words: extreme value statistics; estimation of the maximum; maximum pit depth; maximum inclusion size; MVLUE

method.
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Fig.1. Maximum pit depth versus area in log-log scale.
Source of data and unit area are as follows:A-Scott's data,
Mt. Auburn (2,258 square feet) ; B-Scott's data, Council
Hill (2,785 square feet) ; C-Ewing's data as taken from
his curve (560.0 square feet) .
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Fig.2. Maximum pit depth versus area in semi-log scale.
Source of data and unit area are as follows: A-Scott's data,
Mt. Auburn (2,258 square feet) ; B-Scott's data, Council
Hill (2,785 square feet) ; C-Ewing's data as taken from
his curve (560.0 square feet) .
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Fig.3. Curves for the optimum condition to select T and N with
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Fig5IBKRDREFDILRARS DRED HDRBHZE
fEDRER 3 ZRLUIc, RICHONDEDIC, DHITE
BMECHICAICBITL, ZhECBICEENNSLHEDT
D, o/ ADEZRDDE, 007-021THD, BEEHD

BERETFORREEMHBEEANDISA

SEIKPDILBDREDNFHED/NTA—ZICDNTDTF—F %
EREREEBNTEEBLUILHERNFQ6 3 THD, 20D
IBEICE a/ADEIFTEYE L T0.15-0.20D8FE I H D,
Fig.7ICIZR TV L AWMDIR O EFIVIZVLEE Y
Do/ \DBBNZELERLEED, ZDBEICIE, FI3—FE
DO.1-02D&EBEDEZERL TLV\D, F/=Fig.8 4V [ZRLT:
&OIZ, REW/ HIEHDIRERKKDEEHET
I3, BIET0.22, BETOI4AIRETHD, REMHMIIRES
INA T/ TERKTIEa/AMI0.2-03DEE CHD 2, DAL
DF—Ih5HkdE, BEDa/MI03EUNTWELTK
o a/A=0.3&TF B &, k=3&L T, T=1200(C%F L TIE
N=30& 7Y, T=2741C3F L TIIN=20&75 5,

T T T T T T T T T T T
6l %4 =0z %2007 %4=016 §
a=012 =021 =039
4L A=057 A=173 N=242 i
2 L o A =
A
ok /)C;(O/ A -
o 73
_2 1 1 1 1 L 1 1 | 1 1 1
0 05 10 15 20 25
MPD / mm

Fig.5. Change of the distribution with time for steels exposed in

sea water.

I 1 1}
Low alloy steels / sea water

99 =
= X oo
> 90} o e
= A o o
= o} o |
2 28

u s i
o L 3 £~ )
a o
2 f of i
;Z- L A0 DB .
T £ 8 H
g B AA 8 [u] 7
3 10F “oA o0 g i
= o
1 | | 1
0 0.1 02 0.3
a /A

Fig.6. Normal probability plots of the ratio of a/A for steels
exposed in sea water.

Sanyo Technical Report Vol.3 (1996) No.1



BEFRETZDORECHRBENDIA

X16‘ 1 T 1 T T T
(a)
L1
7

£ 3r a ~<
E ~
~ 2— U
< Q 403
£ e - B Jo1
| -t O 1 1 1 1 1 l
8 0 10 20 30 40 50 60 70
5 Time / days
B
(8]
3 T T T 1 T T
_ 10F(D) A
(o]
s O
5 8
5 °r <
Q 5— ° -~
T 4
v 3 %. 103

21 Ho02

1-W do1

oO

2 4 6 8 10 12 14
Time / months

Fig.7. Change in the parameters of e, A and o/A with time.
(a) C-15 stainless steel in the solution containing S,0g3",
Cl- and SO42 ions.
(b) 65S-T aluminum alloy in tap water.

Mild steel
99 .

in water

Cumulative probability / %

o/ A

Fig.8. Normal probability plots of the ratio of o/A for mild steel
exposed in soil and water.

UEDE#RZESFAT, REZHEEZEZONDFIRZLL
TICHAND,

1. AET—FIIZDRRICEAST 2R - (LFEHRAF
ZEAT, BHRENZT D,

2. MMEXRDOEREIL, BNFEREZINDLSICsZ
EHD,

3. WEEME, S, I5A5NTNSDT, BIFIE[G,
T=S/s, h"RE=ND,

4. HOHULOH/ANBRFMDIBES, Tvs NERNS5X
SNETICH I DNZRDD, INETODT—F%&H
THdDE, of2=03ELTK,

7 $HKinnison ¥ (2 LB EBAEICI O THE LIIZAIC
(&, M/INSA=FDLIZ0313ITEETDEND, -5
B9 ICLDE, TOLBDRSHHHIEMD ISR
BITlE, JAILBHOFEDOTIISELATDE D,
INETOLERE DEBERFOREND, 20~30DILE
HESOERYRBITERENEONDELVDATINT, &
Ni3o/A=1/In (30) =0.20ICML, ThHDEHa/A=03&
THZEIFFEFRADLSTHD,

Fr-zt (15) HOEBESAKLSIC, BETOY MBS
T, x=0ICBFByIEIE (-/a) THBDT, yAIE
REL T BILERICET BBMES L T NBTREMH
5D, IBREMCETBEHO—FIELT, RES D
L& D257 VL ZBOILE RS DBERTER N BIKE
Lo RESICLDERERT VL WA BEICIVEHRE
LERBE DB RS BAESHORIELIIMEICL >
THEBME/Y—VEFRTEND, Figdld1EA D104
b1=Fe-11Cr, SUS430, HEUSUS3042F > L 2D
BESGORBENTH>T, TNOOEBEILR/ S —
VERBTEE, Figl0DESICHD, allRaNdESIC
BESGEXRHLTERIBBEE & LICEFICBTTEI A
T, RELELBIERTDEEEHISEVILBORESE
EEHL, FEDOIDICEEDINERT DY A IR
ELELBFRELE, cDESICEDNESNSAT
ERELEILBIREET, FLbOEALBDREED
BONEDEHELTID,

ZZTYHHICEET AL, aCIEBNICES LTEY,
NI BRABINICEML TSI EERTEDEE
ZBND, FDPDESICyTIEAIFEAEB LA
54 TIBFSLDBICRELEALBOREDHKT, il
BILBOREENDENT EERELTIND,

Sanyo Technical Report Vol.3 (1996) No.1



Gumbel distribution

Pitting behavior

Fig.10. Gumbel distribution patterns corresponding to pitting

behavior of stainless steels.
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Fig.9. Change in Gumbel distribution of the maximum pit depth of stainless steels exposed to severe marine environment (Ako) .
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